The final diagnosis of some diseases depends on many factors and information. Considering all these factors and reviewing all of them is a difficult process, thus providing a mathematical model that can simultaneously consider all these factors is a great help for physicians to diagnose and treat these diseases. In this paper, we propose a new fuzzy control model for kidney transplantation patients. For the inference and conclusion of this model, we use Mamdani approach. Also we employ a new method to smooth the well-known non-smooth piecewise membership functions, i.e. trapezoidal and half trapezoidal membership functions.
Introduction
There are many papers about mathematical applications in medical field. These papers usually tried to propose mathematical models to control diseases, adjusting the optimal dosage of medicine to the better treatment of disease and etc. As we know, one of the most important and vital organs inside the human body are kidneys, which are responsible for blood filtration. If this organ doesn't work properly, it can cause many problems for the body and even the human die. One way to treat kidney failures is kidney transplantation. Before the kidney transplantation, it is important to know whether the human body will accept the graft or will reject it, or whether the graft will work well or not. If one can predict them by data obtained from the previous patients under kidney transplantation, it can improve the confidence of physicians to do the transplanting or not.
In this paper we propose a mathematical model to determine whether patient's transplanted kidney will work well or not, in the first week after transplantation, or it has delay in the function using provided medical information, before transplantation. Since medical concepts are not clear and there is no transparent and complete finality in medical issues, the fuzzy logic has been used to propose this model.
To design this fuzzy control system, the most important factors that regarding medical treats and articles, physician's decisions, they can affect the results of kidney transplantation are gender, insulin resistance, age and so on. Categorizing each of these factors, we offer the fuzzy control rules as "IF-THEN". After determining these rules, which are the basis of the fuzzy control model, we exert the inputs (indices) that are related to a patient who has been selected for kidney transplantation, to the system of fuzzy rules and then we use one of the defuzzification methods to the final conclusions according to the Mamdani approach. That is, we specify that the kidney transplanted to the patient, will works well or patient will have delayed graft function.
The Main Factors or Variables in Kidney Transplantation
In this section, we consider some indicators or factors that are considered to have effect on patient's kidney transplantation. Then we divide each of these factors for use in the fuzzy control model to the better classification of patients. Some of the most important factors in the kidney transplantation are gender, insulin resistance, kind of donor, (alive or cadaver), impaired pancreatic beta cell or beta cell function, BMI, length of dialysis before transplantation, systolic and diastolic blood pressure before and after the transplantation. Considering these factors, first we classify them according to their gender. Then each of the above-mentioned groups is divided into two groups according to transplanted kidney is taken from alive or cadaver. Other factors are classified as follows: measure is less than one, a body hasn't insulin resistance. Otherwise the body has insulin resistance. If patient's insulin resistance is 0.999 and for other patient is 1.001, can we conclude that the first patient has insulin resistance and the other one hasn't? It seems that it isn't a true conclusion. For solving this mistake and having more clearly and closely conclusion, with regards to expert's point of view, we propose a fuzzy function for insulin resistance factor. Now, when we want to response a question about has patient's body have insulin resistance or not, the answer is what membership degree of insulin resistance has the patient's body. Figure 1 shows the membership function of this factor.
Impaired Pancreatic Beta Cells
In the case of does patient's body have an impaired pancreatic beta cell or not, we do the same as insulin resistance factor. It means that we explain the value of impaired pancreatic beta cell by its membership degree. Figure 2 shows the membership function of this factor:
We explain other factors as the same as 1 and 2, with fuzzy membership functions except that these factors have more than one membership function ( Table 1) Very high (VH): Greater than or equal to 160 or 100. According to the physicians' sight about the patient's blood pressure, since the normal case has been considered as "and" and the other cases as "or", we use the product and maximum of membership degrees, respectively. The corresponding membership functions are depicted in Figures 6 and 7. 
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Approximation of Classical Membership Functions by Smooth Membership Functions
As we know, membership functions play a key role in fuzzy control method. On the other hand, working with For this purpose, we use the method presented in [1] , that implemented the stochastic and goal fuzzy programming. In this method, each fuzzy membership function in the form of triangular, trapezoidal and half trapezoidal can be approximated by the smooth function in general form. We show 3 of these diagrams in 
Proposed Fuzzy Control System and Basic Rules
Fuzzy reasoning requires some basic rules (inference rules) which can be designed according to expert's decision. Designing these basic rules that are in the form of "if-then", the remained steps will be as follows: 1) Determine membership degree in antecedent of each rule;
2) Calculate consequence of rules; 3) Aggregate consequence of rules. Before explaining the appropriate IF-THEN rules, it is important to mention that the utilized inference procedure is Mamdani method. The main idea of Mamdani for output or "THEN" section to only takes values 0 and 1. We considered this membership function in the following form:
control system is explanation of process cases by linguistic variables and demonstrating them with triangular or trapezoidal fuzzy sets.
For example, we can take into consideration the age linguistic variable as low, medium (normal) and high terms. Then by the method mentioned in Section 2, we could change these linguistic variables into fuzzy sets (membership functions) and then change them into smooth membership functions by the method presented in Section 3. In general, the rules that connect the input variables to output variables, are in the following form:
where 9900  
. But the first step in fuzzy control models is calculation of antecedent membership value. Min operator is used for a sample of "and". Because of product operator having compensation property, we use this operator instead of min operator. r'm rule's value is calculated as follows: Table 2 is explained as follows:
Since the conclusion must give a certain value, 0 or 1, i.e. the graft has been delayed or not, we require one of the adequate defuzzification procedures. Here the center of area (COA) defuzzification method has been employed for conclusion, that is:
If age is normal, BMI is low, dial month is low, blood pressure is very high before transplantation and high after transplantation, then the graft has been delayed.
For using the Mamdani control method, it is required if U is close to zero, it is considered as zero, and if it is close to 1, it is considered as 1. The simulation results which were done by MATLAB software approved the accuracy of the proposed model. In fact, using medical data obtained from some new patients who were undergoing kidney transplantation, the simulations show the consistent of 90 percent of cases with the medical test results. The simulation results are given in Table 3 , for five patients.
Conclusion
In this paper, according to medical data obtained from patients undergoing kidney transplantation, fuzzy rules have been written and Mamdani fuzzy control model is presented to determine renal function is delayed or not. This result which is given by zero or one is used to raise confidence of medical doctors for transplantation. Accuracy of the proposed model is approved using medical data obtained from some new patients who were undergoing kidney transplantation. For future works, one can predict the fasting blood glucose using the indicators mentioned in this paper.
